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*fl 7l^r $H ^1 JZ^o) ngjSE <3<*-X;, £5]£S oj erf ^ ^ erf ofl ^ 

^ XI 2 -£^£1 Ifi ^.slHS ^ ^ <3^XH E£]5S ^^Jic} ^tfl^o. 

S. ^ XU £#^3 i:^-§- ^r£# 7H^^1 € H ^3X1 

£1" ^l^Xl X]2 5L*1^£] §3.^ ^ ^^4, H ^ <^ <^Xl ^ 

^€ XI 1 51^1^^ XI n| «^^32f, Xl^lE-l <^^4 <^<* A}^ ^ ^ erf 
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U I S tfl^-i- 3fe 2-^ 7lMH*8 B^^l^Ei{M0S-gated transistor having 
improved UIS capability} 

S. lb^r UIS*HH £ i a ^ Tfl^lH ti>°l#5^ vfl-»M ^ M- 

3E. Ictt UIS*HH S. la^ X)olH wH-g-s}- BSfl^l^o) ^^-0^^ ^ 

2 2a^r ^Efl^ £i 7llo]H^ H^fl^l^E^ cf-E- efls*1 JFET ^"tt ^ 

-£ 2b^r UIS«HH S. 2a^ 7flo]H. uj-oj^e} B^^l^E^ iflJf£| J uf 

2 2c ^ UIS*MM 5- 2a£] w^H-el- H^l^s] sg e] -ofl e^ #<y- gj 

time aj-°]-&2r B^fl^l^Bll- q-Ej-ifl j£ol ^r^£o]cf. 
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J£ 4a £ 4c^ UIS*HH <a] ^Al^cil af^ ^ ?\}o]^ v\o]s.£\. 

W UIS BfliH 5]St M-Efvfl s]5.iol4. 

£ 6-^ £ 5^ UIS 31 S)S<H1 £)*fl tfliE^I ^ll^H^ ^sfS.^ Aj^ofl rc)- 

zJS|E} ^ ^-ff-^ ^« t+Bfvfl ^.o] ZLSfl^ojc}. 

S. 8£- -£ 5^1 UIS 3l^B tll^B^ Al^^o]^ UIS 

^ 1- iEfil £i# M-e}^ j±<y £ neflHolcf. 

£ 9 Ml^l £ 14^ t^l TflojH^ H^^l^Bl^ ^aV^o] ^7l^ ^H}* 

£ ^Vrgo. ^ s A>^-51^ 2.^ 711 olH^ H^l^ofl ^ ^ilS.^, ^1 ^ 

UlSCUnclamped Inductive Switching) ^-§- 3.^ XM;e^ ^^}^]o\] ^ %o] 

A. 

^^-8- ^Tfl B$*liE-KM0SFET) tIHH 

(IGBT)sq- ^ 7flo)E^ B^^l^Ei^ ^-f ^fi-^- ^Jlf-(ruggedness) 
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#3MM UlSCUnc lamped Inductive Switching)7 r ^ $X°-^\ , °H1 3l-ff 

7} 7flo]S^ H€*1^3 ^>7l 12711 EM ^ o.o)] rtfeJ-A^ -£* r 7 r Sj-Hl 

(failure)^ ^5- 9X7} nfl§-o]cf. jit} ^fl^jis ^E^l- #*fl Ih^ 

Qt\7) Ei iHS]^, ^71*}^ (counter EMF)^1 ^^Hl S\JL, °] <%7)^^ ±^°J 

B^fi^liE^ <£i=Hl ^-7]^ i^lil^ H^^l^El^ ^ ^.eflolacf^ (rated 
breakdown)-!: ^ , ^.^^.S. ±7} sfaz] (catastrophic failure)7 r 'iHv+cf. 

°l€2r b^^I^ekioo)!- M-E+vfl ji<y ^jcoicf . £ lb - uis^HH £ ia^ ^ tiMh 

ti^l^ef B ^1^(100) 1- ^ ^£1- q-Efufl j£<y £^o]cf. 

£ la ^ £ lb» ^^r^, p + ^ 71^(102) $H n + ^ tH2^(104) * n"^ <W^# 
(106H 3 #€4. p + ^ 71^(102)^ *m&\ <$<*SLS. A>-g-^cf. ofl^^ 

#(106)^8: — E| 5LJ= <8^0.3. Af-g-Sluf. n -*g oll3l]EH^^( 106 )o| A o V«. <^ eg ctf ofl ^ p -tg ^ 

°J^(108)ol ^^^rf. ^ ^^(108)^ ^oUtt n + ^ °\}*}K\ ^(llOH p -^g ^ 

<3(108H1 ^ t^H^ tifl^l^cf. <HHe| ^« (110)J i|. ^^^(106) A>o] 

o\] ufl^^ ^ ^^(108) S£ *Hl^i ^^^1 ^^5]^ ^fl 1 ^ °m 
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<18> 7flo]B ^(114)^ 711 o)e ^^^(112)^ 7fl7fl*H *m ^ n"«g 

ofl3i)^^#(i06) *W tifl^^cf. o^Ei ^(116)-^ ^UlO)^ #7l3°- 

^d^(H4)4 ^l^E-l ^(116)£r €^^ v (^£Al)ofl <q*fl sfrS. $_7}*\<LS. &<&&^. =L 

?)JL ^^"(118)^- 71^(102)4 ^7l^o.s <^^£l£^- p + ^ 71^(102) SH^ofl 

<ig> oi<4 ^2:2} TflolB. wH^ef B^l^(lOO)^ 5U°H, UIS ^ Tfl 

o] S «H€^ B^^l^Bi(lOO)^ #-f-*H * = tfl^-^ *M*Hr * ^ 

-l-Chole currents)^ £ lb°fl ^ , <H1^]B^ ^^(110) ^4 *J-?H 

p-t§ % ^^ (108) o^ o]^ ^s(£igoflAi al ^ blS 7R> feul, P" 

t§ ^ °J<*j(108)2] #^-1: §-*Hr ^SCE^H clS £Al)jsL ^>^1^. o]^ 

p-ig ^ <^^(108)^ ^ ^^^7l nfl^-olcf. 4^ , n + 

* ^ujE-l ^^(110) S}-?-^ p"^ H ^^(108)^1^1^ 

^<y-7 0 V^>7l- #^}7fl ^tf. ZLElJL ojofl rc)-^ °1] D ] <3 <3 ( 110)-p"^ € <3 <3 ( 108)-n~^ 

°flS]^#(106)JlS 0]^.^^ - npn e^^^e)^ <^^}5\o] UIS xfl^ol #7>^4 



^"71 ^ojE W>ol#Sl- H^^l^Ei(lOO)^ tJl^. UIS tflA^ol ^-t}^ *V^-g- 

^^m, ^^^91 ^ ^4 JL3fS <y*>^ "A" ^fS-^H^ JFET 7^*J- 

^7><5>;ELS. &<$o] ^7}^V\^ ^^y} ^Cf. p-^ ^ ^^(108) 7>>olo) 

£7> ^H^l^Hr c^-i- ^cf. 
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<2i> £ lc^r UIS*HM S. l a 2] w>^ll-el- B^l^i (100)2] 5SeJ)E|-olHEi # 

<22> £ lc# ti5}^ , ^^-( 114 )o 1 l H7 ]^ «l-olO]^ 7 > ol7}£M € ^ ^Hfl* 

-fM ^ tl o]^)ofl^ ^BflEi-oH^Ei #fKl c )(£^H 100v7> ^A]*}^ -^Ajjo] 

*H*I ^Hb^. € = Al^o] tH>H UIS7> ^-^^Tfl 5]^, <?1^e^i 

^1e-1^7> Tllols. wH^e* B^l^Ei(100)S -B-^slJi, o]d\] afel- 5§3]Ei ^(VceX^ 

100i7> *1 A] z>}^ ^-Aj)^ ^-Z^Tfl ^7>tH}. UIS7> ^5L]^ A] ^ o] tl^A^ ^ ^ E ^ 
51 Al^ t 2^A"l ^^Bl-oflnlBl *I^-(I C )^ CfA] ^7>t!rCf. °1 TT *1 3 t2*1H UIS^l ^ ±Z} 

5}-^(failure)7l- ^-^^^ 7 A^r ^Ht^. 
<23> £ 2a^r ^2fl^ Si TlMH^I B*ffl*l^E|2l cf^ JFET <8^-g- 5fe TlHH 

^(200)1- M-Bl-ifl iL<y ^-^£^1^. zleIji £ 2bir UIS«HM s. 2a2] *! 
TflolH. t>H#E}- H^^]^eK200) ^2] * ^ q-Efifl ^.o] £ ^ol4. 

<24> £ 2a ^ IE 2b» %^>^, ^ 711 °1B «H#e}- B 31*1 ^(200)^, rT*8 

ofl^ ^4|*(io6) ^vjf fi ^ofl tg^<g n tg JFET ^(210)-fr If^ 3* ^l^tt £ la2] 
TllolB «><>l-i-el- B ^1^(100) 2]- 712] JFET <8^(210)£- € °$ ^ 

(108)2] pn ^(211)^ JFET <% ^ (210H a] 2] ^JE^ n - 

<8 °H^«j^#(106)^Aio] ^.SiH} Aj-tfl^ O.JL c] ^tf. 

<25> £6. 7^]olB h>o]^. B^*1^E-](200)<H1 Si<H>H, *<H V JFET 

^(210)2] TflolB #^-(114) ^-5-^1 A] 2] ^s. ^vol *fl 
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H ^1^(200)3 *=.£r ^3 rfl^-g; * 

7}- °flDlE^ <3 3(110) ^CE^H "a2"S. 2*1 )<M 7}# ^JL, t±&o_g_ n ^ JFET *8 
3(210)^ *14 p -t § € ^3(108)3 ^S-g- Jg-S^ o]^- ^ S(£^o11 *| b2S 2*1 HH fe^ 
nelZL p-<§ H <3 3 (108)3 -f^fe oi^. ^ 3.(5.13 c2S. 2*l)°lH 7># ^7]) 

o}±=- H.eflo]Hc|-^ol ^ 33(108)3 ^-^4^ ^ ^-gr^H 

t£s$z>}jl, o}6\) 45} ^ * ^^-l-o] ^ ^3(108)3 ^ iL^tf^ 3* 

q-El-^tf. tcH^, n +<§ oflplE^ <33(110) sf^o^ ^ ^3 <#3 ^7}S_ °}<5}<^ 7 ] 

$ npn *H#B}- B^l^S] ^Tfl.^^al, ^ UIS vfl^^r ^tfl^^-S 1=1 13" 

<26> £ 2c^ UIS*HH £ 2a3 TflolH H>ol^eJ- HsH*l ^ (200)3 # 

<27> £ 2c» ^S^, £ 2a3 Tfl °1H «M1-Bj- B ^1^(200)3 UIS*HH3 ^ 

Ei-<H)u)Ei ^fl-(I c )(H^^Al 200v7> *H;5Kr ^) ^^E-] ^ ^ (V CE ) ( °fl x i 200i7> 

*l*}^r ^1)3 H^sf 0 ^ £ la3 ^ TflojB *H#3- Bqfl*l^Ei (100)3 ^3 
^>W. £ 2a3 7]]o]B. B 31*1 ^1(200)3 UIS7> iHNfe a]^ 

ofl^3 ^?3]e^ tfl=f 0.18A3*i, tflef 22A3 3.7} £x= 5. la3 tIHH w}°ll-Hl- 

H^^l^Ei(lOO)^ til*}^ ufl-SjL ^ ^ 7>^]cf. o]^ £ 2a3 ^ Tfl ol 3 W>o]^E}- E^j 
*1^bK200)7> ^^o_s. o] UIS ifl^ol ^r}^ M-Ej-t]]^ ^olcf. 
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<28> ^o) o)^3L7\ 7l#^ ^l^r UIS i*} ^-f-oll^o) ^a. o]JE--|- 



^2) ^ ^ ^"71 <£<*H1 o^}) ^ <=§q^ ol^Sl^ ^-71 

^4 ^^SlTfl ^£ *fl2 JE*!^ ^ ^<* ; ^-71 H <3<^ AV« ^ctfofl ^ 

^ *fll <^1^E^ ^-71 oflPlEi ^^J2f ^-71 1-^1- A}o}o] ^ ^ctf a ^ 

* 711 o]E ^ ^"71 TllolE ;g<£ul- o^j tg^<g ^olH 

?A^r ^-^ o.s. 

<31> A o V 7l ^ #71 f-JL^ H A>ol^ ^ o. 3 _ 6//m ol W >^-3]§>tq.. 

<32> Aj- 7l c^e cg«o^ ^^1^ 40-120^ y>^-^^q-. 
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<33> tiV^^l 7]%Si\ *fll ^2 £^^<y ti^^t}-. 

<35> £ 3^ ^- ^«11 ^ S-i 711 H^M^^ ^ ^> v € UIS 

<36> £ 3t p + ^ 71^(302) 3H1 ^3^(304) ^ ^ s) ^il#(306)°l ^ 

tf| si 1K304H NPT(Non-Punch-Through)^^ ^^l^r cfl^= 120^*1 ^7>€ ^£ 



ol 



A. 71^(302)^- ^^jEi <3^J15. n"^ 0)131^^^(306)-^ EE]5B <^ 



SL3, A>-g-^cf. °H^^^#(306)^ ^ ^^fe p~^ H ^^(308)^1 ^^^nf. 

p"^ € ^^(308)^ S^o^ o]]v]b\ (310)^1 p~^ € ^^(308)o11 £]*fl l-e^M^ 

tifl^slcf. n +t§ 6]}u]b\ ^^(310)^1- n-^ <>ll ^1 ^#(306) ufl*l€ p-^ € ^ ^ 

(308) «J3i ^ *HH ^fl^°l ^3^r *fl\t ^ ^^(309)olcf. 

<37> ^u] in^^(3 06 ) ^igo^ JFET ^^(320)^1 wfl^l^4. JFET ^ ^ 

(320)^ p"^ H ^(308)^ ^3-4 ^1 *)U pn ^(321)-i- ^^*Vcf. n ^ JFET ^(320) 
o^o} n -*g oilir)ifl^^(306)o1lA^ ^-SJitq- ^-tfl^ 0.3. ci ^cf. n" 

oil 3) ^^#(306)^1 A o VJ r S^Itt p-^ H ^^(322)£ iE*l «fl*l^i}. o} $ 

S.^ H <8^(322)£- JFET <3^(320)-4 ^} ^2 pn ^^"(323)* ^^W. p~^ #5.^ 
€ ^^(322)^ JFET ^^(320)^11 ^*ll p"^ ^ ^(308)^ ^ ^l^^cf. °1 ^ 
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7l&|^, 600V^ TflojE w>o]s.b^ B^^l^B^ ^-f tflsf 3-6/fln ^S. , ^3 

°1 ^Kh^ ci ^7>€ 544. 

<38> TflojB *i^(314)£- TflolH ;£<24(312)# 7fl^*H ^ ^ ^(309), n"*g <>114^ 

^#(306) £ p-^ H ^^(322) $H wB^l^cf. H&IM- tiV^A] 

0)14^^(306) ^ p-*§ €sL*g H ^(322) ^€ £4. oflnlEi ^^-(316) 

<i*l&| oj^ (310)J2l . ^ 7] ^ o_ s <g^5] £ s. oflolE^ <3<*(310) «fl*144. 

44^4^ ^^1^, TflolH ^(314)4 oflnlE^ ^^-(316)^ #?1 *i<24(4:E4 HI 
#43 ^<?t€4. h^j! ^^Ei ^(318)^: 71^(302)4 ^7l^ 
^sqSMj- 71^(302) ^^1 all*] ^4. 
<39> £ 4a M14 5. 4c^r UIS^Hl^ ^ ^4°H1 4^- *1<S 7)}°}S. 4°1#4 

4^4 tflJf o} ^a. tgt^ q-^-ifl a.o] £^fol4. ^3 £ 4a^r p"^ #5L*g H 
<3^(322)4 p-^ 13 ^^(308)^1 ^ #3 <>1# o^s} ^^-oIji, je 4b ^ §5.^ ^ 

(322)4 p-^ ^ ^^(308) 4°14 ^.^ol c] # ^^o]^, ZLE] Jl £ 4c^r £ 4a^ 
^-?-4 P"^ #5-^ € (322)4- p-*g € ^(308) 4°!^ oj^ ^3 ojAj-o. 

S ^H^l^i -g-Alofl ^TqEfl^^ooe)^ ^7)11- lO^n^ 4 tJ=7fl ^-fojc}. 

< 40 > £ 4a ifl*] £ 4c 6j| £ X|4 44 ^-0], ^oldHl-S. * ^ ^£7} -g-§-o-}7ll -g- 

^44^ ^^r ^ &4. ^ ^£-4 * n-^ 0)1^^^^(306)4 p"^ H <3 <*j 

(308) 4 0 1^ ^^-8- 7H> ^^o^ ^ o|g^ (308) e>^§ ^ 

*fl 7># ^ * ^^-#^1 ^€-4. °1 
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tr p-*8 H ^^(322)^1 £ ^ ti.eflola.cf^- «v^ 0 ] ^^|s)7l 

"fl^l^. p"$ fS^ IB <3^(322)°1 , JFET ^^(320)^1^^ ^-cfl^o.^ ^ 

^-sl^l °]«h s.^. ^-g-^H^ #31 ^ °H ^ -¥-e<>lM * 

eflol^cf^o] UIS^l £]tr ^ ^ <8 3(309)0-3. ^^^Hr 

<41> UIS7> ^31^^^(306) ^ JFET ^(320)2}- p~^ ^ <^(308) *M 

oil^ u>olol^7> <el7}^cl-. n>^. 7 MS n"^ ofl2l^^^(306) ^ JFET ^^(320)^ p - 
^ fS^ ^ ^3(322) a>oH1 S <*j wl-olol^ 7 > oljl-^cf. ol ^^c])a^b] z|zj- <& 

^SLS. tll-B^ ^>5]7l Al^-*Vc|-. <£ «V^O.^ IK^l^r ^€^1^ °j ^ ^ f> 

oflsli!l^#(306)^- i&n ^#Bl>£ ^^*^r si 711 3 jl , o] ofl trfej- n - 

% ^l3xl^^^(3o 6 ) iflofl^- ^Hflui ^^-(planar junction) ^(350)7} ^-t^tf. o] -S-sfl 

M ^ ^S^H^ ^711 ^^ol t}S. ^ o^l^tfl ^X^% ^ ^ 

(cylindrical junction or spherical junction)^ ^tf^ *k 

44*1 °14 ^°1 #HflH ^ ^(350)^ ^^ofl sl§fl Jf^H :«elHi3.tl£ 
ol ^^1 e^Tfl SH UIS vfl^ol 7^11x1711 3H4- 

<42> JE 4b^l 44^H H>s>f ^ol ( ^3 ^(322)4 IS <3<*j(308) 4 0 l£l ^ 

°1 4 ^-f, f^S)^ C^^el^ cgOEjol ^^|7> Dl ^^^711 ^Eim ^ 

(350)7} cl ^ig?Kflat) ^£7} 51<>1 UIS ^PcM 43" 4 %MHe14t7 ^J* ^ $14. 
<43> o^HHtt UIS Ell^H s)3°lH Al^-eilol^*V -g^MS ^Vcf. 
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<44> £ 5 ^ Al-i-^lol^ofl^ A>-g-£} UIS tfliS ZielJl £ 6 ifl^l £ 8£r £ 5 

<45> ^4 JE 51- Efl^B°fl i^XDUT; Device- Under Test)°J H<£ >!MH 

wHl^ H€*1^b1 (300)3 tIMh 3*}(GWfe Tflols ^ ^(Vg)^- ^iHM^ 7ti°lB 
7* #€(510)°1 #*}(CHfe 371 SI *!3^(U«- Si 3 3 ^ 

*K520)7> ^^^cf. ofltilB] ^>(E)fe 3*1 €4. °J^Ei -¥-*K520)^r ^(Vdd) °J 

7>«- ^tr S-l^- ^(530Hl£ <?1^^4. 

<46> o]Q tflAE sjst °l-g-$ Efl^St 31*11, tIMH «>^^e} B 31*1 ^(300) 

s] TllolH #7KGH^ «93 ^lWJ: 7fl°lH ^ #^(510)J^L-¥-£i TflolB ^ *i°KVgH 
^7}^. TflolB ^ ##(Vg)°l <y7>£l^ ^o> ^ TflolH aH^el- B 31*1^(300)^ 

€ ^Bfll- ^1^. o| Aj-tfloflA^ TIME ^-S- ^(VgW <?]7>51X1 ^711 5]^, ^ *d<£ 

TlMB Hf^ll-er B€*li£K300)7> ^ ^HS]^, =efl^] ^-ff-S] *#o) ^^^Tfl ^^€i=r. 
9j^El(520)sl ^>7ll^ &#q°.3. ^ Tine «>ol^^- B^*l^£i(300) 

^711 ^^4. ^fl^^^l ^^Hl, 01 ^ojvg. yefloia^ ^oj-eq ^o. s ^ji, olejis](52(» 
°fl ^i^-sl^^ ^dl^^s #<H^^f. ^1^ ^ -bHHH 2*} ti.eflo]^cf o.ofl 

Sltr 7H w>ol#Bl- B^l^E^ ^ ^ ^Aj-o] t^*r^, UIS Si-SMI Sl-Sfl 711 ©IB «r°l 

#er H 31*1^ (300)7} aM^fe *j^-7> «H9€ ^ $14. 
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S. 6<>11 5*1^ 44 ^o], z|?flEi ^<y- ^s)-(610V ^ 630V5. 44 ^eJjEi 
#ff- €S|-(610I 31 63015. 44 £Al)^ £ i a 4 Q<£ 7))°}^. 4°ll-4 H $4^4 (100)4 ^ 
-?-(610V, 6101)4 £ 3^1 TflolH 4°1#4 B$4^(300)^ ^-f (630V, 630I)7> S.^- 

^eflE] ^^-7> 4^44 44 0<^1 7\^7\] #4#4, o}d\] ^4 UIS-^1 4t}" ^4 447]- ^34 
4 &Tt4tT ^J-g- ov + ol^ c^} £ 3 o] ;g<£ TflojE 4°1#4 H 314 ^4 (300)^ ^-fofl 
$144, W.eflol^cfo. ^<y. ol Aj-cfl^o.^. ±. A] 444^4 4^-7} #^*Rr 44"4 ^-Tfl 

444^ 4^ 4^4 4*J" -H^44 &-g-<L5L °!*H 4^ofl 

oim^7> 4°lB 40^4 B314^(300)«- **}<*| #±.«:l=Hr 7H34°)14, ofl 

44*fl 4 i*}€-4 ^ 01 ^ y.efloia.cf^ ^ 0 ] S o]^ ^ojcf. 

4-§-°ll £ 7<^1 £4€ 44 £4, 4°lB 44#4 H^^l^B^ ^ ^f-e^l n + 

^43 ^(310) 4# ^44 ^ y o>^ 145} §I^lr €■ 4fh #4^, £ la 

51 *|<3 4°lB u\o]^-e). B^4^4(100)4 ^-?-(710B5. S44 ^-a]), oflt.jE| <^<* 

(110)4 P"^ € ^(108)4 ^Tfl *1^CE^H "B'"S. 44M1 4^)# 4^t, 

^ °fl44 <^<*(110)4 #^°114 7}# «- 4ff- 4444, o] £ ib 

4 ^4* 44^4- CfnV ^ 4^- ^4 ^tfl^ ^44^5 7>4 ^4. olSf 4 

s.7fl, £ 2a4 7flolB 4°1#4 ^$4^4(200)4 ^-f (720^.5. X44 ^1 

44 (110)4 p"^ H <3 "3 (108)4 S'S ^4 4^(5^44 44^H 4^)°114 7>4 

* ^£1- M-e]-^^. £ la£] Tfloje wl-ol^sl- Bi^l^Ei(100HH4 

o^lnlE^ ^^(110)4 P~^ € ^(108)2] ^7^1 ^^(B')4 £ 2a^l 7flo]E 

(200)^^2] ^nlE^ <^^(110)4 p"^ € ^^(108)^ ^Tfl 

(B)^ ^^7} 4^ £ la4 TllolB 4°ll-4 HqH^liBKlOO)^ 7>S.^o] 20 
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<so> £ 3^1 wH#2K300)^ ^-f (731, 732 ^ 733^.5. 

5*1). <MlH <3«* (110)4 ifl <^^(108)^ S.'d 3 31 ^(S^H "ATS. 

*13)oj o>v1 Ei ^(110) ^(tfl-if 2/zm *1^HH 7K V fe£r €■ M"^- 

ifl^cf. 2.^- ^cfl * ^£^1 37l^ £ la^ 7 i<£ TlMH til-oj^B} H^l^dOO) 1± 

4^ Hal, £ 2a^ €<3 TflolH tfj-oj^e}- E^J^^Ei(200) J±i=Kr *M1 M-H}\+cf. ^--s-] p- 
3 1 (308)4 p -*§ ^ ^^(322) a>o]^ ^j-^ol, ofl^tfl tfle}= 4-5jwm^ # 

^-i: £Hr 3 -f (7313. 2*1)7} ^ cfl £ ^fj- ^£7} 7}# c}^ p"^ ^ (308)4 

p"^ € <3^(322) A>olo] cflsf i /im ^5L d] #<H^ ^-^-(732^ 5*1) * tfl^ 2 

jum^S 3-^(733 °-3. 2*1)3. a^tfl * ^ ^JE-cr 4i 2}o}^4. 

<5i> ^ 7HM-eH*13 M-E}vfl ^*i)£} a|tfl * 

^ ^J£("??"3. <4e}^ ^Hd)* z}z} i4E>vfl^ £ 81- £ la^l >IMH 4°1 

#5} H^H^l^EKlOO)^ ^-f , oflnjEi 7}#*}5H*13 4- ^s. ^ ^tfl * 

^ D ^£7} 7H> ^Tfl M-E}\+c}. o]4 tiVcfls. je. 2a^ TlMH w}c>1^e}- H 31*1^1 

(200)3] ^-foflfe-, <$<%2\ 7}#*}bW*13 § ^ *J ^ tfl * ^ ^£7} 

^Tfl M-E}\+t}. ZLEjjl -g- <U ^*MH n}e} £ 3*11 3E*1€ 44 ^ ^ 

<3 Tflolje ti>ol^E(- B^^iB)-i-(301a-301c)^ ^-f , £ la^ *k<£ 7\}°]B. 
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-£7}- ^Tfl M-efM-ji, £ 2a^ S 31*1 iEi (200) Ji^^r n + 1! °fl D l El 

^#(306)^ -^17} tflsf 40 ^n ^ 45^^ ^{AA 301b ^ 301c)^ n-^ °fl 

2]im^^(306)^ tfl^ 50//m°l ^ -f (301a)J±Ef «1Mi^ <3^£} 7H>7>^o]]a^ % 

(306)^1 ¥^17> #<H#ofl 4^ UIS cf^ ^o^l^inl, ofl^tfl 1^- ^oj- ^ ^3 s-Aj 

p-^ 4fl ^^(308)2f p"^ fS^ Ifl ^(322) A>o]^ ^o] cfle^ 1/zm ^ 2 #m ^5. ^ D] 
#<H& ^(302, 303), ^l^Ei <^<*\9) 7}^}^]o\}^2] # ^£ ^ ^ * ^ff- ^ 

£7> E-1 ^-ol-^lcf. o]^ p -^ ^ ^^(308)^ ^ °J^(322) Aj-ol^ 3.3 o] 33 

e-1 n"^ ofl 3l^^f^(306) ^.cf d| 3g3g*V ^sflvl ^(planar junction) ^ 

S(350)7> nV # c^^7l nfl^ojrf. 
<52> £ 9 ^7-} £ 14^ O}-^ S.^ TflolE^ B^S^^iE^ ^til^O] ^_7^ ^-^-1- 

<53> S.S\- &<&3\- ^ ^S. *}o]o) ^Tjl* M-Ef^fl £ ^"2: ^-Jl 
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"901"°1 M-^KflTr 5L 2a^ 7flo]B «>°11-Bj- H$*l iE| (200)^ M-^Sflcf. 

^-S "902" ^ "903" ^1 zj-zj- t+Eh-flfe ^-a-t^- £ 3°\] -S- ^efl >IM 

H tJ>ol^5} E^xl^Ei (300) ^ ^^l^". lf-3L "902" 7} M-E^Afe ^Hd£: # 

3.^ € ^^(322)4 ^ ^(308) A>ol^ ^ o. 1//m ^ ^Al^l M-Ej-ifljL, # 

2i ¥-5. "903"°} v+Ej-vflfe- ^-£r p"^ #3.^ H ^^(322)3)- p"^ H ^(308) #3 
-§: lfm 7i^^)yn^ ^a)o\] ofl3]^fK306)^ n^l* lOj^n 3 zj^l?l ^-f-I- ^e}\W 

P"^ H ^(322)2]- P~^ H ^^(308) Ijmi 3 -§-*Hl, n-^ 

^1^^^#(306)^ ^l* 10//m #41*1*1 ^-^-(903^-S. S^IH 7R> M-HMcf. 

t!-^ ^-J: "912"7|- q-Efife ^d£r € ^^(322)^- &| ^^-4 ^ 

7l^o.^ ^4-°14. ^-^^i, "9ii"°l M-Efifl^ p'^ ifi <3<3 

(322) iflofl <^-§: t=1 ^^Aj^Jl o^Ei #7}*lSL3- ^-f^l^. ^ 

-M- ajja^, ^ ^-Jl "911"ol q-EHlTr ^^-7>'ci q^^^Hr 3}^ 1- ^ & 

150A/cuf^ ^ ^£7> M-Bf^ 7i^-o\]A-]9] ?m&]-d\)v}^ 2.$. ^«a-(V C e( sat ))* 
M-E]-^ £ HM- , £ 2a^ ^<?i TflolH ul-olf-e} e^^]^eK200)^ tfisf 2.0V^1 

M-Ej-ifl^, 5- la£] TllolH B^l ^ (200)^ ^-f tflsf 2.0V^.cf ^^r €■ 

^H}-^C|-(iTaoflA] ^Aj). OH) nVv}^ ^ ^o\] ^ ^ TflojE ti>o}§e]- E 

^^]>iE^ (300)^ p-^ ^ ^(322)4 p"^ ^ ^^(308) a>o]^ ^ ^ n -^ 

ofl^Bn^^ (3 08)^ ^-7)) oil ^^tb ^V 0 11- M-^v£cf. ^^l^o.S p"^ € ^^(308)^ p" 

^ ^rS.^ ^ ^^(322) A>ol^ ^-^o], ofl^cfl tfl^ 4-5^ ^^tV 3Hr ^^-(301S 
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^ <^^(308)2f p-^ € ^(322) A>ol^ ^.^o] cflBf l^S. ^ ^-f 

(302S. 3.*]) ^ tflsf 2jrf3E. £-1 -f( 3 03_o S. £a])s ^^-^l^ £^ # 

•g-o] 33 T^tf. SE^r n"^ ^^^^^(308)^ ^^7> SOjanSl 1^1 ) , n -«§ *fl 

^H^(308)2] ^-^71- S.A] ) ^ n"^ ^^^^#(308)^ ^7> 40^ 

BtSB^l^ (100)^1 ^4- Aj-tfla^s 7H> j±3WHi}£ M-Hftfl^, £ 2a 

2] Tfloje w>ol§ef B^l^tH (200)2} ^-f wliE^ «5flo]acJ-£ #°*M: M^WCE 

^°1]a1 S^l). tb^ ^ofl <4€- 7flo]H «H#Hl- H^^l^Ei (300)2] ^-f, 

P"^ #3.^ ^ ^^(322)^ p -t§ ^^(308) A>ol^ ^ ^ n -*g 0^^^(308)0) 
6fl oj-e}- ^oli- uJ-e]-^^. ^^©.S. p-^ ^ <3<*J(308)2j- p"^ H ^^(322) 

Afojo} #2*0], ofl^cfl cflef <Q^& gxt ^-f(3013. a a] ) Aj-cfl^ o.^. ^ 

«.eflolH^ ^oj-g- M-eHH, cf^-ofl p"^ € ^^(308)3f p"*8 € ^(322) A}ol<q 

#3°1 tflef l/an^S. 3 #<H€- ^-f(302S a a] ) g tflsf 2t m^S. ^^-(303^-S S 

n~% ^1^^-^^(308)2] ^v\]7\ 50jun^l ^-2-("??"S &.*}), n^g ^1^^^^(308)21 
^]7\ 45^m<y ^-f("??"S. £Al) % ^] ^1 ^ A|#(308)2l ^^7> 40/^n^ ^-f ("??"S a a] 

)S ^ tLeflolstf-g- ^oj-o. ufEl-^^-cIl, olnflo) ^o]^ cf^ 3. ^olcf. 
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<58> cf-g-ofl TllolH ^HJ= M-Hl-vfl^ £ 12» #2:^^ , 7fl°lH Si 7fl°lH<§ 

H^l^i ^-g- ^ 3.71, cfli?lcfl 15VS] 711 o]B ^l 0 ,]-* W^Hfr ^-f TflojH ^91^- 

^ ##3^ #S>^ M^fe Tfloje ^-fc M-BHm 4 

£ 2a Tfloje ia>o]s.^- H^fl^^E^ ^ ^-(1220-2.5. 5*1^ ^d)!!^ £ la^l 
^ TflolH ti>°l€^ H^l^^l ^-f(1210^S a Alt! ^)7> n-1 ^"S* M-Ef^cf. 

.g. t^ofl n}-^ ^ 7i|ol S tifol^H^ H^^l^B^ ^4-, P"^ € ^^(308)^ p"*§ # 
S.^ € °J^(322) ^H£] Tl^H, ofl^rfl tfle}= 4 - 5jMn ^ <g^tb #3^r 5fe ^-f (12315. 
S^lHH^Bi p-^ H <^ (308)4 p"^ H ^^(322) a>o]^ tfl^ 1^5. b] 

#<^-& ^^-(12325. ^ tflef 2/mi^£ ^ ^-f (1233^-^ )5 3 3 ^ 

<59> Cf-g-ofl ^ O^HA] Al^ol] cfltt ^ ^ifl^ £ 13-i- ^S*}^, 

£ la^ *d<£ Tfl °1H ^l^e}- B^liBi (100)£| 1310^5. &^1 ) ^ .2.5.^ 

oicf. olofl E 2a5] 7ll 0 li= w>ol^sl- +B\(200)2) ^ -^(1320 S^l) c| 

tifoi^^. H^^l^Ei (300)^ ^-f(1331, 1332 ^ 1333°_3. £.*}), v\ ^ ^ 

^.H. ^eflol* P"^ € ^^(308)3} p -<g s-S.^ ^ ^^(322) A>olo] ^o], 

o^tfl cflBf 4-5jtan^ ^Hr ^-f (1331S. )ofl ^ ^^(308)31- p" 
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% #5.^ %. ^^(322) a>o]o| Q?*d\ rflsf l//m^£ 3 #<H-& ^-<j>-( 13325. &X\ ) ^ tflsf 2 
jum^S c] ^^-(1333-2.^ i^Ds 33 3 eh j£_H. ^ ell o] § lJ-e^cJ-. 

<60> cf-g-ofl ^ = Al^V^ cfltl- ^^H-i M-E}-^ £ 13# ^So"}^ , 

a. ^o\] crf^ Tfl w>°l#5^ BqH^EK 300)^1 n-^ ^1^^^#(306)^ JjMl7> 

^^-(14015. 5*1), 45ym9l ^ -?-( 14025. S.M ) ^ 40/an^I ^ -f( 1403-2.5. a a] ) , s-f- 
-R-^ € .2.5. ^eflol -ip^ M-e^ji ^cf. o]^ ofl eh ^^(306)o) "*fl ^^7> *] 

^eflol s-^ofl^ 3. ^ e>^cf^ ^ -§- ^ Efloj ^(tail 

current) ^MHl^r 4^ <8*-& ^r4r3l, ofl 3^ b« aj^ (306) ^ -^7} *r^S- Efl<H 

0} ^o}x\Aj cg^ig. M-Efvflcr. 

<61> o]^$] *4r$o\)X\2\. £o) f *Vx$6\] ^ 711 E^liElr, ^ :&1 ^-S^iL^- 

^dl^ AJL fe£ Irlrl- ^-5L« ^ JFET *>°H ^ ^ p-^ € ^ ^ ^ q-^Tfl «fl*l 

3^ p-^ is ^if-jiiM, ^>a-^<y ^*hi °l-§-*l tiioih ^ 

^KHMHs] *m ^Kg. <^z\)^ ^ ojool, UIS 2^HHrr #HflH ^ rl 

«al^ ^^^5.^1 UIS Ml^* 7>^ ^ $X5m S^f7> ^l^^cf. 

<62> ojAj- ^. ^V^^- UV^^V ^AHl^ ^O] Aj-^l^Tfl ^^JLe}, a- Aj-71 ^ofl 

*M 7}^1 ^^ol 7 r ^#£r ^*>T^. 
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1] 

s&7] H.elHB <3^£) #JjL °§SH *fl2 £^^^1 H ^ ; 

*fll 51 7W^A^ ^-71 ^ ^<*3] ^ ol^^Tl) t^s)^ ^ 

^; 

ol^sl^ ^71 lr^# ^^32f °)^s]7)) *§^& ^2 J£*i^ #5L^ 13 <3<*j; 

^-7] oflc^ ^>7l <3<*j ^l-ojo] ^ <g<* iTg-g- TiMH ^ 

#7] 711 °1H ^^-4 $H ^£ *I^g- 2.^}^ 7A^r s}c 2.i TlM 

2] 

^"71 tK51*fl 71^4 #7] EE]£E eg erf A>olcfl^ a> 7 } t=e| he eg ^ ^ ^ 
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3] 

a 0 V 7 1 l£ <3^4 A o > 7 ] f^Ej ^ AH s) 3-6um9l 53 -i- ^8 *}^r Si 

4] 

^ll^Hl 9X°]*], 

^•71 ^.elHH ^^^1 ^f-*flfe- 40-120/ffli<?l ^^r S.^ Tfloje^ H^*]^£i 

5] 

6] 
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